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ANALISIS UNSUR HARA MIKRO PADA KOMPOS AMPAS SAGU 
DENGAN PEMBERIAN SPESIES TRICHODERMA 
 YANG BERBEDA 
 
Amri Setiawan (11482104598) 
Di bawah bimbingan Ervina Aryanti dan Bakhendri Solfan 
 
INTISARI 
 
 Ampas sagu yang melimpah dapat dimanfaatkan sebagai bahan pembuatan 
kompos. Salah satu stimulator mempercepat pengomposan adalah Trichoderma. 
Trichoderma merupakan salah satu organisme pengurai dan sebagai 
biodekomposer yang mendekomposisi limbah organik menjadi kompos yang 
bermutu. Tujuan dari penelitian ini adalah untuk mengetahui spesies terbaik jamur 
Trichoderma dengan pencampuran limbah ampas sagu, terhadap jumlah unsur 
hara mikro pH, Cu, Fe, Mn dan Zn. Penelitian ini telah dilaksanakan pada bulan 
November 2018 sampai Januari 2019 di Laboratorium Agrostologi, Industri Pakan 
dan Ilmu Tanah Fakultas Pertanian dan Peternakan Universitas Islam Negeri 
Sultan Syarif Kasim Riau. Analisis unsur hara dilakukan di Laboratorium Central 
Plantation Service perusahaan swasta Centra Alam Resources Lestari Jl. HR. 
Soebrantas No.134 Panam Pekanbaru Riau. Rancangan percobaan yang digunakan 
dalam penelitian ini adalah Rancangan Acak Lengkap yang terdiri dari 5 perlakuan 
dan 4 ulangan. Parameter yang diamati adalah Cu, Fe, Mn dan Zn. Hasil penelitian 
menunjukkan bahwa pemberian spesies Trichoderma Harzianum, Trichoderma 
Virens, Trichoderma Viride, dan Trichoderma Hamantum pada kompos limbah 
ampas sagu tidak meningkatkan unsur mikro Cu, Fe, Mn dan Zn. Pengomposan 
limbah ampas sagu tanpa penambahan Trichoderma, sama baiknya dengan 
penambahan Trichoderma. kandungan pH, Cu, Fe, Mn dan Zn dalam kompos 
limbah ampas sagu dengan dan tanpa pemberian spesies Trichoderma yang 
berbeda telah memenuhi standar kompos SNI 19-7030-2004. 
 
Kata kunci: Kompos, Unsur Cu, Fe, Mn dan  Zn 
 
 
 
 
 
 
 
 
 
 
 
 
 iii 
 
Micro Nutrient Analysis in Compost of Sago Dregs  
with Species Trichoderma Different 
 
AmriSetiawan (11482104598) 
Under Supervision by Ervina Aryanti and Bakhendri Solfan 
ABSTRACT 
 Abundant sago pulp can be used as compost material. Compost has natural 
properties and does not damage the soil, serves to increase the power to hold 
water, soil microbiological activity and the value of cation capacity and improve 
soil structure, and provide macro and micro nutrients. The purpose of this study 
was to determine the best species of mushrooms Trichoderma by mixing the waste 
of sago pulp, to the amount of micro nutrients pH, Cu, Fe, Mn and Zn. This 
research was conducted in November 2018 until January 2019 at the Laboratory 
of Agrostology, Feed Industry and Soil Sciences, Faculty of Agriculture and 
Animal Husbandry, State Islamic University of Sultan Syarif Kasim Riau. Nutrient 
analysis was carried out at Central Plantation Service Laboratory, PT. Centra 
Alam Resources Lestari JL. HR. Soebrantas No. 134 Panam Pekanbaru Riau. The 
experimental design used in this study was a non factorial Completely Randomized 
Design consisting of 5 treatments and 4 replications. Namely Sago pulp 1 kg + 2 
kg chicken manure + 250 gr Trichoderma. The variables measured were Cu, Fe, 
Mn and Zn. The results showed that composting of sago waste without the addition 
of Tricoderma was as good as the addition of Trichoderma. the content of pH, Cu, 
Fe, Mn and Zn in sago pulp waste compost with and without the administration of 
different species Trichoderma has complied with SNI 19-7030-2004 compost 
standards. 
 
Keywords: Sago pulp, Cu, Fe, Mn and Zn elements 
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.I  NAULUHADNEP  
 
 .1.1  gnakaleb rataL  
 ( ugas namanaT  nolyxorteM ps .  nahab itidomok utas halas nakapurem )
gnay nagnap  S .tardihobrak gnudnagnem kaynab  nahab nakapurem ugas aggnihe
 kokop nanakam  ,ayaJ nairI ,ukulaM itrepes aisenodnI id haread aparebeb kutnu
( isewaluS nad uaiR raithkaB  .kkd .)7102 ,   ,7102 nuhat adaP l  namanat laera sau
ugas   aisenodnI id .)7102 ,SPB( not 346.984 iskudorp latot nagned ah 879.912  
p adaP  idajnem ugas kolab nahalogne  itap %5,81 helorepid ugas gnupet
ugas sapma apureb %5,18 nad ugas  ( niddurawaN  .kkd )7102 ,  .  gnay ugas sapmA
( sopmok nataubmep nahab iagabes naktaafnamid tapad hapmilem Su  ,itawoytsil
.)1102   nakapurem sopmoK nahab -  nakisatnemrefid gnay kinagro nahab
nakanugnem  ninem tapad aggnihes emsinagroorkim  niksim gnay hanat naktakg
rusnu  ay hanat idajnem arah  fitkudorp gn .)6102 ,amusuK( haimala sesorp iulalem   
p imala araceS  malad gnusgnalreb naka idajret gnay nasopmognep sesor
2 utiay ,amal pukuc gnay utkaw -  nakhab nalub 3 6 gnay ada -  numan ,nalub 21
tapad ini nasopmognep sesorp  vitka nautnab nagned tapecrepid  ,gnitniG( rota
 .)7102 utas halaS  rotalumits   nasopmognep tapecrepmem  halada amredohcirT  .
cirT h amredo   saul lanekid gnay lanoisgnuf emsinagroorkim utas halas halada
iagabes   rumaj halada hanat sigoloib kupup  .ps amredohcirT  seisepS  amredohcirT
 iagabes gnipmasid  itayah nega iagabes isgnufreb alup tapad ,iarugnep emsinagro
 namanat nahubmutrep rotalumits nad  .)4002 ,onoyhawuS(  
 naitilenep lisaH  itnayirE  awhab nakataynem )6102( T dohcir er  am
 nad ,sopmok nataubmep kutnu nakanugid fitkefe gnilap gnay rotavitka nakapurem
iay tapec gnilap nasopmognep isisopmoked malad utkaw ikilimem  idaj sopmok ut
ek irah adap -  .03  seiseps aparebeB amredohcirT   iagabes nakropalid hadus gnay
 itayah aisnega  :itrepes utiay munaizraH .T  , diriV .T e  nad ,  igninoK .T  gnay
nainatrep namanat iagabreb adap saul murtkepsreb  .  amredohcirT  nakapurem
 iagabes naupmamek ikilimem iuhatekid halet gnay ignuf kopmolek
pes ,kinagro masa iskudorpmem upmam ,kiab gnay isisopmokedoib  ,cinicilg itre
 ,tapsohp isasilibulos nad ,hanat Hp naknurunem gnay ,ciramuf masa uata cirtic
 gnay ,muisengam nad ,nagnam ,iseb itrepes larenim noitak nad tneirtunorkim
 2 
 
 tilobatem atres namanat emsilobatem kutnu taafnamreb  naktakgninem gnay
manat nahubmutrep   .)3102 ,itawirS( na  
K tafis ikilimem sopmo - hanat kasurem kadit nad imala tafis  ,  isgnufreb
 nad hanat igoloiborkim sativitka ,ria nahanem kutnu ayad naktakgninem kutnu
hanat rutkurts ikiabrepmem atres noitak rakut satisapak ialin ideynem atres ,  naka
 rusnu  orkim nad orkam arah )6102 ,amusuK(  . arah rusnU   halada orkim rusnu   arah
 naadarebek numaN .tikides halmuj malad namanat helo nakhutubid gnay  rusnu
arah   gnay arah rusnu aparebeB .nup apa namanat igab gnitnep tagnas orkim
m kupup kusamret i  halada ork muisengam   ,)gM(  iseb ,)uC( agabmet ,)nZ( gnes
F( )e  nad   gnam  )nM( na S( .)1102 ,okoyreo   
 nad namanat malad liforolk nakutnebmep kutnu nakhutubid agabmeT
 nupualaw ,namanat malad id idajret gnay iskaer aparebeb kutnu silatak iagabes
 irad naigab nakapurem nakub aynmumu  silatak nakapurem iseB .tubesret iskaer
 tagnas gneS .negisko awabmep iagabes isgnufreb nad liforolk nakutnebmep
 isgnufeb nagnaM .tardihobrak nad liforolk iskudorpmem kutnu nakulrepid
namanat malad id mizne metsis irad naigab iagabes aynamatu  .  tapad nagnaM
 P naaidesretek naktakgninem aguj ,nakasamep nad nahabmacekrep tapecrepmem
.)5002 ,osraniW( .aC nad  
 nakrasadreB gnakaleb ratal  tubesret nakiaru id halet gnay  silunep akam ,
 halet ep nakukalem uduj nagned naitilen “ l  araH rusnU sisilanA  adap orkiM
 sapmA sopmoK  seisepS nairebmeP nagned ugaS cirT h  amredo y adebreB gna ”. 
 
 .2.1  naitileneP naujuT  
naitilenep irad naujuT   halada ini  kutnu seiseps iuhategnem   rumaj kiabret
cirT h amredo    narupmacnep nagned habmil  sapma  ugas t ,  padahre  halmuj  rusnu
arah  ( orkim p  ,H nM ,eF ,uC  nZ nad ).  naged iauseS 91 INS - 0307 - .4002  
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 .3.1  naitileneP taafnaM  
 M  halada ini naitilenep irad taafna  iagabes  habmanem isamrofni
 ayngnitnep gnatnet takaraysam nauhategnep  habmil nataafnamep  sapma  ugas
itayah nega nahabmanep nagned sopmok nakidajid   utiay T cir h amredo . S  aggnihe
ignarugnem  kapmad   nagnukgnil naramecnep  takaraysam ratikes id  naualupek
itnarem . 
 
 .4.1  sisetopiH  
  nairebmeP macam iagabreb   seiseps cirT h mredo a naktakgninem tapad   lisah
rusnu   orkim arah  sopmok adap adebreb gnay  habmil ugas sapma . 
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 irtsudni gnipmas lisah nakapurem ugas habmiL  irtsudnI .itap nahalognep
rulupme ralules udiser utiay ,habmil sinej agit naklisahgnem ugas itap iskartske  
 gnatab tiluk halmuJ .nagnaub ria nad ,ugas gnatab tiluk ,)sapma( taresreb ugas
ab latot tobob rasadreb %41 nad %62 ratikes halada ugas sapma nad ugas  ugas kal
 lahgniS( la te  .)8002 .  gnupet nataubmep adap tadap habmil halada ugas sapmA
 pukuc gnay habmil naklisahgnem ugas gnupet idajnem ugas nahalogneP .ugas
 habmiL .riac habmil nupuata tadap habmil apureb kiab ,kaynab   muleb ugas tadap
araces naktaafnamid   .)5102 ,iniaruN( gnaubid aynasaib nad lamitpo  
 asolules naka ayak gnay asolulesongil habmil nakapurem ugas habmiL
 .nobrak rebmus iagabes lamitpo araces naktaafnamid tapad aggnihes ,itap nad
apureb aynasis nad itap %7,56 gnudnagnem sapma apureb ugas habmiL   tares
 sapma tubesret esatneserp nakrasadreB .uba nad ,kamel ,rasak nietorp ,rasak
 aynasolules nagnudnak nakgnades ,%12 rasebes ningil udiser gnudnagnem
 gnatab tiluk ,uti nialeS .uba nad fitkartske taz nakapurem aynasis nad %02 rasebes
ules gnudnagnem ugas  )%83( kaynab hibel gnay ningil nad )%75( asol  adapirad
)6002 taiK( ugas sapma . aK .1.2 lebaT( ugas sapma isirtun  nagnudn  ihuragnepid )
.aynnahalognep sesorp nad ,pudih tapmet ,rumu ,seiseps helo  
ugaS sapmA isirtuN nagnudnaK .1.2 lebaT  
isirtuN nagnudnaK  dnaK )%( nagnu  
 aniledA
)8002(  
 nolobeopmaT  
)9002(  
ijdagnaS 9002( ) 
riA nagnudnaK  6,11   - - 
ietorP n rasaK  83,3   63,1  1,2  
K kameL rasa  10,1   - 8,1  
rasaK tareS  44,21   3,82  3,02  
ubA  34,21   - 6,4  
K  nahaB gnire  23,88   - 68  
NTEB  -  - 3,17  
( : rebmuS  ,irugatraM )1102  .  
A  nakrasadreB .isakob nataubmep rasad nahab nakidajid tapad ugas sapm
 natnU nainatreP satlukaF hanaT narubuseK nad aimiK muirotarobaL sisilana lisah
 ,)%26,25( iggnit pukuc gnay kinagrO C gnudnagnem ugas sapma isakob ,)6002(
 nakidajid tapad aggnihes  nahab habmanep  cinagro hanat malad   ,itawoytsiluS(
.)1102   
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 iapmas talkoc anrawreb sopmok idajnem halet gnay ugas tadap habmiL
 turuneM .rucnah hadum nad tagneynem uabreb kadit ,hamer rutkurtsreb ,matih
iridret ugas habmil sopmok arah nagnudnak ,)0102( rikayS   ,negortiN irad
 sesorp amales nakbabesid tubesret lah ,muisengaM nad muislaC ,muilaK ,tapsohP
rusnu isasilarenim idajret nasopmognep -  idajnem orkam arah aggnihes ,arah rusnu
.aidesret nad sapelret  
 nahalognep irad naklisahid gnay habmil nakapurem ugas sapmA  ,ugas
 hisam ugas sapma nataafnameP .aynnial kinagro nahab nad tardihobrak naka ayak
 iagnus ek uata nagnupmanep tapmetek ajas utigeb gnaubid aynasaib nad satabret
 kapmad naklubminem isnetopreb aggnihes ,lisahgnep haread ratikesid ada gnay
nukgnil naramecnep .nag  
 
.2.2  sopmoK  
 nahab nakusubmep nad nakupalep ,naiarugnep lisah halada sopmoK
 nahaB .aynnial kinagro nahab nupuam nuad ,naweh narotok itrepes kinagro
 nahab hotnoc aparebeB .kutneb iagabreb malad atik ratikesid aidesret sopmok
 ,nuad ,gnatab halada sopmok raka   tapad gnay utauses alages atres ,namanat
nahab nakapurem sopmok kupuP .)1102 ,oyrakreoS( rucnah -  gnay kinagro nahab
 naktakgninem tapad aggnihes emsinagroorkim nakanuggnem nakisatnemrefid
orp iulalem fitkudorp gnay hanat idajnem arah rusnu niksim gnay hanat  ses
haimala  )6102 ,amusuK( . 
 kutnu nakanugid amal halet gnay edotem utas halas halada nasopmgneP
 nainatrep sativitka irad lasareb gnay amaturet tadap kinagro habmil alolegnem
 sopmoK .sopmok apureb kinagro kupup naklisahgnem kutnu narasas nagned
halada rages   rihka kudorp halada gnatam sopmok nad lifomreht esaf aratna lisah
 imalagnem hisam nainatrep id nakanugid alib rages sopmoK .isasilibats esaf adap
 nakiabrep nakgnutnugnem gnay huragnep naged tujnal hibel isisopmoked
 nad emsinagroorkim nahabmanep ,rutkurts  pahatreb araces arah rusnu nasapelep
 kupup iagabes pagnaid tapad gnatam sopmok gnadeS .isasilarenim iulalem
 hanatid nakanugid ilakes kococ nad mumu araces naanuggnep kutnu kinagro
 .)0102 ,otnairpiluY(  
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 sopmoK nagnatameK radnatS .2.2 lebaT  
retemaraP  autaS n INS  
pH - 
gk/gM  
 08,6 – 94,7  
)uC( agabmeT   
 
∞ – 001  
)eF( iseB  %  ∞ – 2 
)nZ( gneS  gk/gM   ∞ – 005  
)nM( nagnaM  %  ∞ – 01.0  
91 INS : rebmuS - 0307 - 4002  
 nakupalep imalagnem hadus gnay sopmok halada kiab gnay sopmoK
iric nagned - nagned adebreb gnay anraw iric   kadit ,aynkutnebmep nahab anraw
 nial aratna sopmok taafnaM .gnaur uhus iaynupmem nad ,hadner ria radak ,uabreb
tukireb iagabes  : namanat igab orkim arah rusnu nakaideyneM  ,  nakrubmeggneM
hanat  , hanat rutsket nad rutkurts ikiabrepmeM  , ,satisorop naktakgnineM   ,isarea
hanat emsinagroorkim isisopmok nad  , ria padahret hanat taki ayad naktakgnineM  ,
namanat raka nahubmutrep nakhadumeM  , amal hibel hanat ria napmiyneM  ,
aimik kupup naiakamep isneisife naktakgnineM  ,  tapad anerak nahal itlum tafisreB
d nakanugid  nahal i .nanubekrep ,nainatrep   
 ikilimem anerak ,aimik kupup gnidnabid naluggnuek ikilimem sopmoK
tafis -  :tukireb iagabes itrepes tafis  gnay orkim nad orkam arah rusnu gnudnagneM
tikides gnay halmuj malad nupualaw ,pakgnel  ,  hanat rutkurts ikiabrepmem tapaD
c nagned  taz nad ria padahret hanat pares ayad naktakgnineM :tukireb iagabes ara
arah  ,  arac nagned hanat malad id emsinagroorkim napudihek ikiabrepmeM
tubesret emsinagroorkim igab nanakam nahab nakaideynem  ,  ayad rasebrepmeM
hadum kadit aggnihes ,risapreb hanat taki  racnepret  ,  nad esaniard ikiabrepmeM
hanat malad id aradu atat  , larenim nahab nakupalep sesorp utnabmeM  ,
isore nakbabesid gnay nakasurek padahret hanat ignudnileM  ,  naktakgnineM
)KTK( noitak rakut satisapak  ,  gnay hanat emsinagroorkim sativitka naknuruneM
em ( nakigur itawinuY  kkd 2102 , .)  
 
.3.2  orkim arah rusnU  
 .amal pukuc iuhatekid halet orkim arah rusnu naka namanat nahutubeK
 nakukalid urab kupup malad orkim arah rusnu saul araces naanuggnep ipatet nakA
rihka - nem orkim arah rusnu apagnem rotkaf aparebeB .ini rihka  tagnas idaj
 hanat saul nautas rep namanat lisah natakgninep utiay ini gnarakes adap gnitnep
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 malad id ada gnay orkim arah rusnu nakgnalihgnem uata tukgnagnem naka itrareb
 kutnu igal puggnas kadit hadus hanat amal nikam aggnihes ,iggnit aguj hanat
akaideynem  nahutubek ipukucnem kutnu larenim nakupalep sesorp irad n
 .namanat  
 taas adap iggnites kadit KPN kupup nairebmep nad namanat lisah alibapA
 rotkaf idajnem gnay tubesret orkam arah rusnu agitek irad utas aynasaib ,ini
 igolonkeT .namanat nahubmutrep satabmep  tagnas ini taas kupup nataubmep
iskudorp aggnihes tasep -  iggnit nainrumek iaynupmem ini taas kupup iskudorp
 orkim arah rusnu aggnihes ,tikides tagnas idajnem ada gnay rotognep nahab uata
b nakirebid gnay nupnatuki nahab uata rotognep iagabes ini amales gnay amasre -
.)5002 ,osraniW( tikides tagnas idajnem kupup amas  
 
.1.3.2  )uC( agabmeT  
kkd itnaY  .  kupup nahabmanep nagned awhab nakataynem ,)3102(
 kupup nahabmanep nagned anerak ,habmatreb bP nad ,uC ,nZ radak kinagrona
 idajnem kinagrona kupup nad hanat aratna narupmac irad Hp akam kinagrona
 .aynHp nurunem hibel  orkim rusnu nagned nakgnidnabid alibapA  itrepes aynnial
nZ +2   nM nad +2  aggnihes ,kinagro nahab helo tauk hibel takiid agabmeT akam ,
 naaidesretek nad satilibom rutagnem malad gnitnep narepreb ini kinagro agabmet
 sunapetS( hanat malad id uC kkd .)3102 ,.  
 pukuc airetirkreb uC arah sutats isubirtsiD  raseb hibel uC kutnu
 tagnas uC aynnial orkim rusnu nakgnidnabiD .isneisifed airetirkreb nakgnidnabid
 gnay kinagro uC kutnebmem aggnihes kinagro nahab helo takiret hadum
 takiret gnay agabmeT .hanat malad id uC naaidesretek nad emsilobatem rutagnem
ahab helo  sunapetS( hanat malad id aynhalmuj gnarukreb naka kinagro n kkd  ,.
.)3102  
 numan ,tikides halmuj malad agabmet napusa nakhutubmem namanaT
 iagabes halada namanat igab agabmet taafnaM .raseb tagnas ayntaafnam
mep utnabmem kutnu namanat mizne kutnebmep nenopmok  .liforolk nakutneb
 utiay ,sahk gnay alajeg nakujnunem agabmet nagnarukek gnay namnaT
 nad nuad ,gnatab ayntabikA .huruleynem araces uggnagret namanat nahubmutrep
.)1102 ,okoyreoS( anrupmes kadit hubmut raka  
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.2.3.2  )eF( iseB  
 itnaY turuneM kkd  ,. gnudnak awhab )3102(  irad lasareb kaynab magol na
magol awhab iuhatek atik tapad anamiD .hanat -  irad lasareb nakaynabek magol
 naka hanat malad eF halmuj awhab iuhatekiD .larenim nad nakupalep
 eF aliB .namanat nahubmutrep kutnu tafsof arah naaidesretek ihuragnepmem
gnit radakreb  gnay nataki kutnebmem nad eF nagned takiret naka tafsof akam ig
 nahubmutrep kutnu aidesret kadit tafsof ayntabika ,ria malad tural tapad kadit
 rasikreb iduts hayaliw id hanat malad iseb nagnudnak uata eF ialiN .namanat
 04 aratna – ologret ini ialin ,mpp 85  ,onoyraduS( iggnit tagnas iapmas iggnit gn
9002 .)  
 nakisakolsnartid asib kadit aggnihes libom kadit namanat malad eF rusnU
 gnay namanat naigab adap tahilret isneisifed alajeg aggnihes ,namanat malad id
rem asib tareb isneisifeD .namanat sata naigab nad adum  uajih irad nuad habu
 kadit helo nakbabesid asib eF isneisifeD .hitup idajnem aggnih tacup
latem ayngnabmites -  nial rotkaF .nM uata ,uC ,oM itrepes namanat malad id latem
 isanibmok ,hanat malad P nahibelek halada eF isneisifed haraprepmem asib gnay
iggnit Hp  ,hanat malad id tanobrak radak ayniggnit ,hasab nad nignid hanat ,
 ,osraniW( hadner hanat kinagro nahab radak nad ,namanat kiteneg naadebrep
.)5002  
 nupalaW .tikides halmuj malad iseb taz napusa nakhutubmem namanaT
kilimem iseb taz ,tikides malad nakhutubid  igab gnitnep tagnas gnay narep i
 ,liforolk kutnebmep iagabes :halada namanat igab iseb taafnaM .namanat
 nairebmeP .namanat nasafanrep sesorp utnabmem ,sisetnisotof sesorp utnabmem
 taz nagnarukek gnay namanaT .tapet gnay narakat nakitahrepid surah iseb taz  iseb
 ,kotnor hadum nad gnirek nuad ,tacup nuad :nial aratna alajeg nakujnunem
 kacnup irad ialumid namanat naitamek sesorP .nahalrep araces itam namanat
.)1102 ,okoyreoS( hawabek naidumek namanat  
 
.3.3.2  )nM( nagnaM  
 rusnu aparebeb aynah awhab nakataynem )5002( yrneM  nad onoyirahuS
 misum adap adapirad najuh misum adap aynisartnesnok iggnit hibel tahilret
rusnu isartnesnok aynkilabeS .S nad P rusnu utiay uaramek -  ,eF ,nM ,aC  rusnu
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mek misum adap iggnit hibel nZ nad ,oC  .najuh misum adap nakgnidnabid uara
rusnu isartnesnok nakgnadeS -  uaramek misum adap notiaP id hanat malad rusnu
rusnu halada natakedreb ripmah uata amas ialinreb najuh misum nad -  ,K ,lC rusnu
 id hanat malad iggnit ialinreb gnay rusnu isartnesnoK .bP nad ,uC  adap notiaP
 nM rusnU .eF nad ,aC ,K ,lC ,S ,P rusnu halada najuh misum nad uaramek misum
 takgnit iapacnem nad masa gnudnagnem gnay hanat malad id tapadret kaynab
 .5,6 Hp hawab id kiskot  
 hanat nasipal adap tisoped nad masa hanat irad sapelret nM aynmumU
ab  isgnufreb kaynab gnay nM mpp 05 ratikes gnudnagnem namanat kaynaB .as
 kutnebmem nM anerak ,negortin emsilobatem nad ,isaripser ,sisetnisotof kutnu
 ,tubesret nagnaretek nakrasadreB .ayntartsbus nad mizne aratna natabmej
preS hadnI nataB id hanat nanikgnumek  anerak ,masa hanat kusamret gno
 arah rusnu natakgnineP .mpp 5,95 halada ini naitilenep lisah irad nM isartnesnok
 .nakhabmatid gnay tanigla habmil halmuj natakgninep helo ihuragnepid nM orkim
at nahubmutrep malad nM nahutubek nagned nakgn idnabid akij numaN  naman
 adap gnutnagret aynah kadit nM rusnu awhab iuhatekid haleT .licek hibel hisam
lad irad libmaid aguj ipatet nakirebid gnay kupup irad napusa  kupuP .hanat ma
us iagabes isgnufreb aynah  namanat nahubmutrep ucamem malad tnemelp
 lamsaB( .kkd  .)4102 ,  
aafnaM  mizne nakutnebmep utnabmem halada namanat igab naagnam t
 naagnam nagnarukek gnay namanaT .sisetnisotof sesorp utnabmem atres namanat
 nuad ,lidrek namanat ,anrupmes kadit naklisahid gnay hauB : alajeg nakujunem
02 ,oyrakeoS( kotnor hadum nad gninuk anrawreb .)11  
 alajeg akam ,namanat malad id nakisakolsnartid tapad kadit nagnaM
naigab adap idajret nagnarukek -  uata sata naigab nad nahubmutrep tasup naigab
( nuad akgnarek ratna sisorolk helo nakkujnutid gnay ,namanat adum niev  nad )
gnadak - kitnib kapman gnadak -  namanat malaD .natalkocek matih anrawreb kitnib
ijib - hanat adap nad ,adum nuad lakgnap taked naugnuek kapmat naijib -  gnay hanat
reb -  nupualaW .hadner nM radak ipatet larten hanat atres ,nilakla aggnih larten Hp
es isneisifed  tapad isneisifed ipatet naka ,iggnit hanat Hp nagned nakisaisosaid gnir
 .eF nad ,gM ,aC itrepes nial arah rusnu nagned nagnabmieskaditek anerak idajret
 nM isneisifed alajeG .nM naaidesretek adap huragnepreb aguj hanat nababmeleK
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hanat adap nakkujnutid gnay -  nahab radak atres gnanegret nad nignid hanat
m satifitka nagned aynnagnubuh tare iggnit kinagro  ,osraniW( emsinagro orki
.)5002  
 
.4.3.2  )nZ( gneS  
 namanat kudorp malad orkim arah natakgninep )4102( inimtaR turuneM
 narep gnagemem orkim araH .gnitnep asarid nikames  malad gnitnep tagnas gnay
 arah rusnu nagnarukeK .naweh nad ,namanat ,aisunam adap emsilobatem sesorp
 emsilobatem naktabikagnem nad mizne ajrek aparebeb ihuragnepmem naka orkim
 ,lisah ignarugnem tapad naka nZ nagnarukek namanat adaP .ugngnagret naka
 anerak  .ailaeres namanat kutnu amaturet ijib naisignep malad gnitnep tagnas nZ
 namasamek halada nZ naaidesretek ihuragnepmem tapad gnay rotkaf aparebeB
 sativitka ,milki isidnok ,hanat kinagro nahab ,aynnial arah nagned iskaretni ,hanat
kaf nad nZ naparej ,igoloib  .namanat rot  adapek gnutnagret tagnas nZ naturaleK
 ialin akam kinagrona kupup:hanat aratna narupmac Hp licek nikames ,hanat Hp
 86,6 irad Hp nanuruneP .habmatreb nikames )bP ,uC ,nZ( orkim arah rusnu irad
,3551 irad nZ naturalek nakkianem tapad 44,6 idajnem  12,6161 idajnem gK/gm 91
 idajnem gK/gm 13,043 irad bP nad gK/gm 30,632 idajnem 27,171 irad uC ,gK/gm
 itnaY( gK/gm 34,034 kkd ,. .)3102  
 irad nahabmanep tabika idajret tapad hanat malad rusnu radak natakgnineP
bmil irad uata )isulop( ria nad aradu iulalem raul  tapad ini natakgnineP .ha
 id nupuam hanat malad id igoloib napudihek igab satab gnabma ihibelem
 gnay radaK .dC nad ,bP ,uC ,nZ itrepes magol rusnu aynsusuhk hanat naakumrep
amasreb nupuam iridnes araces kiab ,tubesret rusnu tapmeek irad nahibelreb -  amas
pad iretkab inucarem tapad nakhab ,iggnit takgnit namanat nucarem ta -  iretkab
 raka adap tapadret gnay muibozihR iretkab itrepes ,hanat malad taafnamreb gnay
anat )7002 ,nidduhaL( asonimugel nam . 
hanat adap idajret tapad nZ isneisifeD - nit P nagnudnak nagned hanat  igg
 lisaH .P nad nZ iskaretni aynada nakkujnunem namanat seiseps aparebeB
 nad iggnit P gnudnagnem hanat alibapa nagnutihrep nad nagnapal naitilenep
 gnay lisah kutnu nakhutubid hisam nuhat/misum paites P nairebmep isakilpa
nsurahes nZ gk paites akam ,iggnit  gk 4,22 nairebmep paites kutnu nakirebid ay
 21  
 
 .)4102 ,inimtaR( tafsof  gnay mizne rotafitka kutnu namanat nakulrepid nZ rusnU
macamreb rutagnem -  nad ,liforolk nakutnebmep ,kilobatem satifitka macam
lukelom nakasurep hagecnem - .)0102 ,haifanaH( aynlukelom  
 
.4.2  hcirT  amredo  
  rumaJ  .ps amredohcirT  halada aynaratnaid taafnam kaynab ikilimem
 malad resopmoked sesorp utnabmem ,iarugnep emsinagro iagabes tukireb iagabes
 naka imala araces nasopmogneP .sopmok nad ihsakob kupup nataubmep
2 utkaw nakamem -  iagabes rumaj nakanuggnem akij ipatet naka nalub 3
ked 41 utkaw nakamem resopmo -  rumaj uti nialeS .irah 12  .ps amredohcirT
 ,hanat malad id nial emsinagroorkim igab rotafitka iagabes ,itayah aisnega iagabes
 aidem malad amredohcirt rumaj nakaiB .namanat nahubmutrep rotalumits
ib iagabes kadnitreb kaded fitakilpa  habmil isisopmokednem utiay resopmokedo
 iagabes ukalreb aguj tapad atres ,utumreb gnay sopmok idajnem kinagro
 tikaynep babeynep rumaj aparebeb nahubmutrep tabmahgnem utiay adisignufoib
namanat adap  .)3102 ,haniraM(  
 amredohcirT m ,resopmokedoib iagabes asib mokedne -  habmil isisop
 adisignufoib iagabes ukalreb tapad atres ,utumreb gnay sopmok idajnem kinagro
 .)4102 ,ysehuS( J  sine amredohcirT  gnay   :halada aisenodnI id iapmujid mumu  .T
 .T ,edirivoerua .T ,iigninok .T ,mutamah .T ,muropsylop .T ,murefilulip
naizrah  .T ,mu .ediriv .T nad ,iigninokodusp .T .mutaihcarbignol   9691 ,iafiR(
malad  .)9002 ,irasitnawruP    seiseps aparebeB amredohcirT   nakropalid hadus gnay
utiay itayah aisnega iagabes   :itrepes munaizraH .T  , adiriV .T e  nad ,  igninoK .T
 adap saul murtkepsreb gnay  rumaj nakaiB .nainatrep namanat iagabreb
 laera ek nakirebid tapad kaded itrepes fitakilpa aidem malad amredohcirT
 habmil isisopmokednem gnay resopmokedoib iagabes ukalreb nad namanatrep
utumreb gnay sopmok idajnem kinagro . 
 munaizrah amredohcirT alas halada  nakanugid gnay rumaj sinej utas h
 inkay resopmokedoib iagabes aynnanareP .itayah kupup nataubmep sesorp malad
rusnu kabmorem -  namanat kutnu aidesret idajnem aidesret muleb gnay arah rusnu
 .)7102 ,yalaK(  ediriv amredohcirT adargednem malad naupmamek ikilimem  is
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em adirakasilop nenopmok mizne nagned utnabid alug idajn -  nad esalules mizne
esanalix  ( .)4102 ,rabkA   
sneriv amredohcirT  gnitnep tagnas gnay sinogatna rumaj nakapurem .
 kifiseps tafisreb gnay rumaj nailadnegnep emsinakeM itayah nailadnegnep kutnu
 rumaj nagnares irad raka ignudnilem nad tapec nagned refsozihr inolognem ,tegrat
inem nad namanat nahubmutrep tapecrepmem ,negotap  iskudorp lisah naktakgn
 tapad isakilpA .itayah iladnegnep nega iagabes nial naluggnuek idajnem ,namanat
 nakukalid  natorpmeynep nupuata napulecnep ,gnusgnal araces hanat iulalem
.)2102 ,itayahruN(   isanibmoK  sneriv amredohcirT  iagabes maya narotok nad
rebmus   isisopmokednem malad fitisop gnay lisah nakirebmem kinagro negortin
 anayaD( sopmok idajnem tiwas kaynim kirbap habmil nad tiwas gnosok nadnat
 arimA la te ,)2102 ,.   
 mutamah amredohcirT  ignuf iladnegnep nega iagabes lanekid hibel iridnes
agabes uata negotap  iuhatekid naitilenep nakrasadreb ,numaN .adisignufoib i
 awhab  mutamah amredohcirT  gnay kitolules raga aidem malad pudih tapad
 nakujnunem ni seiseps awhab .)3102 ,tnadraB( esalules naklisahgnem tapad i  
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I II .    EDOTEM NAD IRETAM  
 
.1.3      tapmeT   nad  utkaW  
  naitileneP  halet ini  irtsudnI ,igolotsorgA muirotarobaL id nakanaskalid
hanaT umlI nad nakaP   )PPF( nakanreteP nad nainatreP satlukaF  malsI satisrevinU
 nakukalid arah rusnu sisilanA .uaiR )AKSUS NIU(  misaK firayS natluS iregeN
ratseL secruoseR malA artneC .TP ecivreS noitatnalP lartneC muirotarobaL id  i
H .LJ nalub adaP .uaiR urabnakeP manaP 431 .oN satnarbeoS .R  rebmevoN  102 8 
 iapmas  iraunaJ 102 .9  
 
.2.3   nad nahaB A tal  
khutubid gnay  nahab nupadA a utiay  ini naitilenep malad na pm  ,ugas sa
,mayA narotok ,idap kaded   rumaj nad sedauqa ,harem alug cirT h  amredo
sneriv ,munaizraH ,  .mutamaH ,ediriV  rebme halada nakhutubid gnay tala nupadA
kitsalp .silut tala nad ,aremak ,arah rusnu sisilana tala ,retem Hp ,  
 
.3.3  naitileneP edoteM  
lada ini naitilenep malad nakanugid gnay naabocrep nagnacnaR  ha
 )LAR( pakgneL kacA nagnacnaR  nagnalu 4 nad naukalrep 5 irad iridret gnay
:utiay  
 apnaT : 0P amredocirT   
 : 1P  munaizraH amredohcirT  
 : 2P sneriv amredohcirT  
 : 3P ediriV amredohcirT  
 : 4P mutamaH amredohcirT  
.ilak 4 kaynabes nagnalugnep nagned naukalrep 5 tapadreT   nagneD
bes utiay naabocrep tinu latot halmuj helorepid naikimed a naabocrep tinu 02 kayn  
 paites nad  rg 052  nakirebid naukalrep T amredocir . 
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.4.3  naitileneP naanaskaleP  
.1.4.3  nahab naaideyneP  sopmok nataubmep  
.1  ugas sapma naaideyneP  
 gnibeT natamacek naneT ased ugas kirbap irad naktapadid ugas sapmA
hasab hisam gnay  sapmA .itnareM naualupeK netapubak taraB iggniT   id  libma
lukgnac nakanuggnem nagned   nakanuggnem nagned narumejnep nakukalid nad
irahatam ranis narapap S . nihe  03 iapacnem gnarukreb idajnem ria radak agg  .%
 ratikes nakanugid gnay ugas sapmA 6  ria radak naadaek malad gk 0  03  sapmA .%
m nagned samek id ugas e  ,gnurak nakanuggn  urabnakeP ek mirikid naidumeK
lapak nakanuggnem  gnarab . 
.2   naaideyneP  mayA narotok  
 malad nakanugid gnay maya narotoK sopmok nataubmep  pma  ini ugas sa
 irad helorepid urabnakeP 4 mk itkas adurag .lJ id ,maya kanretreP  .  maya narotok  
bmaid gnay  nakapurem li  maya narotok adus gnay gnirek gnay  padnegnem h
 .irah aparebeb maya narotoK  u nakhutubid gnay n  sapma sopmok nataubmep kut
 ratikes ini ugas 03  .gk  
.3  lutakeb / sulah kaded naaideyneP  
03 ratikes nakhutubid gnay kadeD  .gk  eD  irad tapadid  sulah kad  uanad
gnaukgniB - gnanikgnaB  .  
.4   nakaib naaideyneP cirT h amredo  
 sareB d icuci   .maj 2 amales % 5 harem alug ria nagned madnerid naidumek
L ula  nakkusamid   nakliretsid ayntujnales ,sanap nahat kitsalp gnotnak maladek
otuA nakanuggnem nagned falk  uhus adap  121 0  C ,tinem 8 amales   aggnih uggnuT
gnisaM .nignid -  etalosi gnisam  amredohcirT  gnay aynmulebes  halet  nakhubmutid  
esortxeD otatoP aidem adap  nad )ADP( ragA  aynarops  halet  kutnebret  naidumek  
d  sareb aidem adap nakisalukonii kutnu  kaynabrepid  ps libmagnem arac nagned  aro
 .sareb aidem  maladek nakrupmacnem nad alutaps naged gnay aideM  halet   isireb  
rumaj  amredohcirT  d  halet afih aggnih( irah 6 amales napmisid uata isabuknii
 )sareb naakumrep iputunem malad  .rotabukni  
.2.4.3  nasopmognep hadaw nataubmeP  
 nagned taubid sopmok hadaW putunepreb gnay tac rebme nakanuggnem  
nad  itsalp nagned isipalid k .aynmaladid matih   araces gnitsopmok amatu icnuK
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.5  A rem alug ri  irubatid ha  imed tikides ikides sopmok adap t a ,  aggnih kud
nakukalid ini narupmacneP .atar   iapacnem aynria radak aggnih .% 03  
.6  sopmoK  tid  .lapret nagned putu nakkateliD  kadit gnay tapmetid  anekret  
ranis  irahatam  nad  najuh  araces  .gnusgnal  
.7   paites nakukalid uhus nakecegneP 2 irah  lakes i  nakanuggnem nagned
askar retemomreht , 06 sataid aynuhus alibapa 0  nakukalid ulrep C
gnatam sopmok iapmas suret nakukal ,nakudagnep . 
.8  iriC -  utiay kisif araces gnatam sopmok iric  ,kusub uabreb kadiT  anrawreB
talkocek -  itrepes licek naritub kutnebreb ,natalkoc ,hanat   ulalret kadiT
 ratikes aynuhus uata sanap 82 0  idajnem tusuynem aynemuloV nad C
lawa emulov irad naigab agitrepes  haleteS   gnatam sopmok  nad akubid
gnirekid  naknigna  .  mirikid lepmaS  noitatnalP lartneC muirotarobaL id
malA artneC .TP ecivreS  FC  iratseL secruoseR   kutnu urabnakeP manaP
.sisilanaid  
.9  nupadA  nagnudnak   id sisilana id naka gnay arah  lartneC muirotarobaL
malA artneC .TP ecivreS noitatnalP  FC  iratseL secruoseR  manaP  
urabnakeP  utiay   ,Hp : ,nM ,eF ,uC nZ nad . 
 
.5.3  muirotarobaL sisilanA  
 sisilanA  nalibmagnep haletes naitilenep pahat halada muirotarobal id
sisilanA .nagnapal irad hanat lepmas   aimik tafis nakapurem ini sopmoK   gnay
rusnu itupilem  ,nZ ,nM ,eF ,uC( orkim arah  nad  Hp ). 
.1.5.3  floW nagroM kartskE nagned B nad ,nZ ,nM ,eF ,uC napateneP  
 hulup auD  marg sopmok lepmas   lotob malad mm 2< sulah gnabmitid
 kartskegnep lm 04 nad fitka nobrak lm 1 nakhabmatid ,lm 001 kocok  nagroM
floW  052 muminim adap kocognep nisem nagned tinem 5 amales kocoK .
tinem nagnayog -1 kutnu 1.oN namtahW gniras satrek nagned gniraS .   naktapadnem
 hinrej gnay kartske  namealuS( kkd )5002 ,. . 
• nZ nad ,nM ,eF ,uC narukugneP  
gnisaM -  nagned nakteredid nad tepipid lepmas kartske lm 1 gnisam
 .aimik gnubat malad ek nZ nad ,nM ,eF ,uC narupmac radnats
 naidumek ,noi sabeb ria lm 9 nakhabmatiD  .)x01 narecnegnep( kocokid
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 nakanuggnem lepmas kartske irad gnusgnal rukuid nZ nad ,nM ,eF ,uC
SAA  ( ipocsortcepS noitbrosbA cimotA ) gnisam radnats tered nagned -
 alayn nakanuggnem  nZ nad ,nM ,eF ,uC .gnidnabmep iagabes gnisam
aradu narupmac -  nelitesa amealuS(  n la te )5002 ,. . 
.2.5.3  Hp narukugneP  
gnisam ,ilak aud kaynabes gnabmitid sopmok lepmas marg hulupeS -
 sedauqa( noi sabeb ria lm 05 habmatid ,kocok lotob malad ek nakkusamid gnisam
H Hp( utas gnay lotob ek 2  Hp( aynnial lotob malad ek M 1 lCK lm 05 nad )O
 .)lCK kocoK  kocognep nisem nagned  sopmok isnepsuS .tinem 03 amales   rukuid
 natural nakanuggnem isarbilakid halet gnay retem Hp nagned reffub   nad 0,7 Hp
 0,4 Hp  namealuS( kkd ,.  )5002 . 
 
.6.3  atad sisilanA  
.1  ataD  helorepid gnay  irad  sisilana  aimik  sopmok  nakgnidnabid  nagned  radnats  
ukab  utum  nataubmep  91 INS sopmok - 0302 - 4002 . 
.2  ataD  helorepid gnay  sisilanaid  araces   citsitatS nagned  nakanuggnem  sisilana  
kidis  r  maga )AVONA(  d naamasrep ledom nagne  sitametam   turunem
onowujosraH(  .)1102 ,kkd  
 
Y ji  T + μ = i  + ε ji  
: nagnareteK  Y ji    =  natamagnep lisaH adap  naukalrep  ek -p nad  nagnalu  ek -j 
 µ   =  mumu hagnet ialiN  
 Ti  =  huragneP  naukalrep  ek -p 
 ε ji   = huragneP  talag  naabocrep  ej ek naukalrep sin -  adap ,i
ek nagnalu -j 
 i   =  naukalreP   
 j   =  nagnalU  
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.6.3 lebaT  kidiS  magaR  
 rebmuS
 namagareK
)KS(  
 tajareD
 sabeB
)bd(  
 halmuJ
 tardauK
)KJ(  
 tardauK
 hagneT
)TK(  
gnutih F  
elbat F  
% 5  %01  
naukalreP  P-1 PKJ  TKJ/PKJ  GTK/PTK  - - 
talaG  P r( - )1  GKJ  TKJ/GKJ   - - 
latoT  Pr-1 TKJ    - - 
:nagnaretek nagneD  
rotkaF  )KF( iskeroK  = Y .. 2 rt /  
TKJ  = 
 
∑ jiY 2 – KF  
PKJ  = ( .iY ∑ 2  )r / – KF  
GKJ  =  TKJ – PKJ  
 aliB  lisah  sisilana  kidis  magar  tapadret  atayn gnay naadebrep  a akam nak  id  
sisilana  tujnal  nagned  ijU  adap )DJU( nacnuD karaJ  ijU ledoM .%5 farat   karaJ
:utiay )0002( idapusortsaS turunem nacnuD  
 = αDJU Rα (ρ, BD  talag ) x √ GTK / nagnalU  
:nagnareteK  
R )DJU( nacnuD karaJ ijU lebat irad ialin :  
α atayn iju farat :  
p naukalrep aynkaynab :  
GTK  talaG hagneT tardauK :  
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.1.5  nalupmiseK  
: naklupmisid tapad naitilenep lisah nakrasadreB  
 nahabmanep apnat ugas sapma habmil nasopmogneP cirT h  ,amredo  amas
nahabmanep nagned aynkiab  cirT h .amredo  nagnudnak   ,Hp  nZ nad nM ,eF ,uC
 nagned ugas sapma habmil sopmok malad s nairebmep apnat nad  seisep
cirT h  amredo  adebreb gnay  ihunemem halet  sopmok radnats 91 INS - 0307 - 4002 . 
 
.2.5  naraS  
 naknarasid kadit ugas sapma habmil sopmok ,naitilenep lisah nakrasadreB
 nakhabmanem cirT h  amredo .orkim arah rusnu naktakgninem malad  
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AKATSUP RATFAD  
 
  rotalumitS nagned sopmoK sisoD huragneP .9002 .itnamraD .S nad .R ,nitifA
amredohcirT   gnugaJ namanaT iskudorP nad nahubmutreP padahret  aez(
).l syam  renoiP sateiraV  -  .gnireK nahaL adap 11 pidnU APIMF igoloiB  11 ,
)2( 96 : - 57 . 
 
 .4102 .namanreH .I nad inayruS .Y ,.M .T .R ,rabkA  habmiL isirtuN natakgnineP
 isatnemreF iulaleM gnokgniS irad lonateoiB iskudorp o  muisrosnoK hel
 eaesivereC secymorahccaS nad  ediriV amredohcirT  .  .ispirkS   satlukaF
 satisrevinU  igolonkeT nad sniaS .itajD gnunuG nanuS iregeN malsI  
.gnudnaB  
 
S nad namriwidA ,.F ,nimA  .  sopmoK kupuP isakilpA utkaW idutS .5102 .avesoY
 rotavitkaoiB nagneD asonimugeL  amredohcirT  padahreT .pS
manaT iskudorP nad nahubmutreP ( hareM iabaC na  muunna mucispaC  ).L  
atrepaF moJ 1 :)1( 2 , -  .51  
 
M .J ,nimA   turalreT nagnaM nad iseB radaK nanuruneP .5102 .iraS .P.D nad
 muilaK nakanuggneM isadiskO sesorP iulaleM uayaP riA malad
 .tanagnamreP lamitpobuS nahaL lanruJ  83 :)1( ,4 , -  64  
 
,finA   .R nad itusairT ,.S  .7002 .hataaF .M  iagabeS tamoT habmiL nataafnameP
mE itnaggneP -  .kinagrO hapmaS nasopmogneP sesorP adaP 4  lanruJ
igolonkeT & sniaS naitileneP  ,  911 :)2( 8 – 341 . 
 
 .7002 .Z ,nifirA  naweH hubuT malaD )uC( agabmeT lareniM ayngnitneP  malad
tikayneP nagned aynnagnubuH 001 .aozatraW .  lah . 
 
.W ,ninuyA  R  nasopmogneP malad aerU kupuP nahabmaneP huragneP .6102 .
 libatS nad gnataM sopmoK idajneM kiboreA araceS kinagrO hapmaS
 .ayakrepiD nagnukgniL kinkeT lanruJ  , 5 1 :)2( - 01 . 
 
 ,.H .R ,raithkaB nad naidrA  ( ugaS ayadiduB naijaK .7102 .avesoY .S  nolyxorteM
 naualupeK netapubaK taraB iggniT gnibeT natamaceK id taykaR )ppS
 .itnareM atrepaF moJ 2 :)1( 4 , - .41  
 
 mumitpO isidnoK nautneneP .3102 .itnaylrpE .L .P ,.uynamibA .H ,.B .T ,tnadraB
adaP isatnemreF  t  mutamah amredohcirT  idaP kadeD hubmuT aideM adaP
 nakanuggneM esaluleS iskudorP malad  .golodohteM ecafruS esnopseR
 ,ITKJ ( 51 53 :)2 - .64  
 
 .4102 .omotU ,.B .S .B nad ,itawamusuK ,.R ,otranadiW ,A ,.J ,lamsaB
  esaliS nad taniglA iskartskE habmiL nataafnameP  nahaB iagabes nakI
 kinagrO kupuP  . nanakireP lanruJ 901 :)2( 9 , – .021  
 
 03  
 
 .aisenodnI nanubekrep kitsitatS .7102 .SPB di.og.nainatrep.nubnejtid//:ptth  
.8102 sutsugA 80 seskaiD  
 
 
 .6102 .sirpA I nad Y ,adliwleD  hapmaS irad sopmoK nagnatameK isamitpO idutS
 .idniL riA nad nemuR habmiL rotavitkaoiB nahabmaneP nagneD kinagrO
nagnukgniL igolonkeT lanruJ 59 :)2( 4 , - .001  
 
 aloP naD turalreT iN nad ,nM ,uC ,eF tareB magoL isartnesoK .6002 .itawamseD
 isidnoK adap aynbabeS  nahubaleP ,iridnamiC arauM nariarepiD turuS
 .utaR  .ispirkS  satlukaF natualeK igolonkeT nad umlI idutS margorP
lI naD nanakireP  .nainatreP etutitsnI natualeK um .rogoB  
 
 ahdA dna JM raunA ,FMFS harhaZ ,IM ilsoR ,R.A adinahsoR ,R .A ,anayaD
.MCN   llim lio mlap dna )BFE( hcnub tiurf ytpme fo noisrevnocoiB .2102
 gnisu tsopmocotni )EMOP( tneulffe sneriv amredohcirT  .  lanruoJ nacirfA
 ,ygolonhcetoiB fo 57781 : 01 - .08781  
ivlE  utkaw nad uhus retemarap naruyas hapmas irad sopmok nataubmeP .1102 .Y ,
ilabmep  .nak  gnidisorP aimiK kinkeT nasuruJ .1102 IPOT KNTS  .
.uaiR satisrevinU  
 nahabmaneP nagned hasereS irad sopmoK kupuP nataubmeP .6102 .Y.C ,itnayirE
 rotavitkA amredohcirT  .gnadnaK kupuP nad igaR , ispirkS  idutS margorP .
 nasuruJ nanubekreP namanaT ayadiduB  kinketiloP nainatreP nemejanaM
.adniramaS iregeN nainatreP  
 gnataB nad mayA narotoK narupmaC sopmoK kupuP satilauK .)1102( .F ,suadriF
 .iapaT LOM rotavitkaoiB nakanuggneM gnasiP ispirkS , nainatreP tutitsnI  .
rogoB . 
.A ,gnitniG S irad sopmoK nataubmeP .7102 .E asiS kinagrO hapma -  naruyaS asiS
 .)dE( saneN riA rotavitkA nagned aggnaT hamuR  .haimlI siluT ayraK
 .seknemeK nataheseK kinketiloP .nadeM  
 
 amarY .irtusdnI habmiL nad nagnukgniL naalolegneP metsiS .7002 .P ,gnitniG
.gnudnaB .aydiW  .lah 422  
 
haifanaH  .0102 .A .K , rasaD - hanaT umlI rasad .lah 553 .atrakaJ .sreP ilawajaR .  
 
 .1102 .D .K .A .G ,itawapsuP nad W .I ,atnanrS ,.A .B ,onowusojraH  nagnacneR
lecxE nad SSPS isakilpA ,iroeT naabocreP  .gnihsilbuP ataK satniL .
.lah 541 .gnalaM  
 
 .S.N ,.A ,anayamsI ,.itsardnI  puS  .yderF .A ,.uddaM .A ,.nitahir rotkaF  .)2102(  
ujaL naD lawA N/C oisaR  isareA  p  essagaB gnitsopmoC oC sesorP ada
 .J .gnotolB naD nainatrePirtsudnI.kinkeT 22 .  371 :)3( - .971  
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.A ,.M .A ,yalaK laT .A ,.iognaL .F .L nad ijdagnaS .S ,.nosurutaha  .S  .utuhunaM
.7102   tikayneP nakeneM kutnu kpN kupuP nad itayaH kupuP naanuggneP
 gnacaK namanaT lisaH nad nahubmutreP naktakgnineM nad uyaL
( gnajnaP  sicnenis angiV L .).   aigolorgA 11 :)1( 6 , - .81  
 
 .J ,iruoN .R .G ,idnehdiB ibaN .M .S ,iravanoM .R .A ,issabraK  .8002 .ruoptameN
 .reviR ruhS eht ni retaw dna tnemides fo tnemssessa noitullop lateM
701 : )1( 741 ,ssessA .rotinoM .norivnE - .611  
 
.L ,taiK  lyhtemyxobraC fo noitaziretcarahC dna noitaraperP .6002 .J   etsaW ogaS
 .legordyH dna sisehT  . isyalaM artuP ytisrevinU .aisyalaM .a  
 
 lateM yvaeH fo noitciderP .4002  .eeL .W.H dna kraP .S.H ,.iohC .L.H ,.J.H ,oK
raeN gnisU tsopmoC nI tnetnoC -  .ypocsortcepS ecnatcelfeR derarfnI  .J
icS ,minA 6371 :)71( 21 . - .0471  
 
 sopmoK nairebmeP satifitkefE .6102 .E .M ,amusuK  amredohcirT  .ps t  padahre
( airateS tupmuR lisaH nad nahubmutreP atalehcaps airateS  .)  umlI lanruJ
akiporT inaweH 5 ,  67 :)2( - .18  
 
 .hanaT narubuseK malad orkiM rusnU kepsA .7002 .nidduhaL ispirkS .
 .nadeM .aratU aretamuS satisrevinU  
 .1002 .L.W ,yasdniL airbilbiuqE lacimehC  slioS nI 1 .sserP nrubcalB ehT . -  .p 51  
 
 .3002 ,onosraM nad aggniL kupuP naanuggneP kujnuteP  .ayadawS rabeneP .
901 .atrakaJ - lah 021  
 
 sineJ padahreT naijugneP .4102 .aivatcO ,R ,S nad itawamraD ,.I ,idahaM
 habmiL sopmoK  nataubmeP adaP rotavitkaoiB  .nainatreP  lanruJ
 ,nainatreP akimaniD  92  732 :)3( – 442  
 
 ,haniraM  nahubmutreP padahreT .pS amredohcirT nairebmeP asilanA .3102 .L
itilenep ialaB ,haimlI siluT ayraK .ialedeK  .nainatreP na .ibmaJ   
 
 .1102 .irugatraM mreF iulaleM ugaS sapmA satilauK natakgnineP  iagabes isatne
.kanreT  nakaP nahaB  nakanreteP lanruJ 8 : )1( 8 , - .34  
 ,.W ,yehctalCcM  dna ,hctivelE ,yelraH .I ,rennaM  .6002 .giarC .R  nolyxorteM
muracima  , M  . iixocluap  , ugas .M  , esnenomolas .M  , M  . esneitiv  dna , M  .
 iigrubraw )mlap ogas(  . cnI srepap ygolocE .p 32 .nodnoL .  
 
 ,nidduihoM K.  , .M  awagO . .Y ,   ,.rikaZ H .M.  dna omotO  K.  .1102 .N ,onozakihS
 revir nabru na fo stnemides dna retaw eht ni noitanimatnoc slatem yvaeH
 .yrtnuoc gnipoleved a ni  ecneicS latnemnorivnE fo lanruoJ lanoitanretnI
ygolonhceT dna . 327:8 –  .637  
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 nad ijagreG kubreS naanuggneP .7102 .anivliS .F nad ,itainruM ,.niddurawaN
 rumaJ hubmuT aideM iagabes isisopmoK aparebeB nagned ugaS sapmA
( hituP mariT  sutaertsO sutoruelP  .).qcaJ atrepaF moJ )1( 4 , 1 : - .11  
 
 .5102 .iniaruN F ugaS habmiL  .saggnU fitanretlA nakaP iagabeS isatnemre
 )KITPL( isakinumoK nad isamrofnI igolonkeT nagnabmegneP agabmeL
.lah 631 .gnadaP .saladnA satisrevinU  
.S nad hayamU .A ,itayahruN nitsugA .E  .  .2102  isakilpA  sneriV amredohcirT
d rakA ,nuaD adap natorpmeyneP iulaleM  kutnu rakA namadnereP na
 .nisiaC namanaT adap wedliM ynwoD tikayneP iskefnI nakeneM
alapamrahD 22 :)2( 4  , -  .82  
 
.7102 .anawriN   seseF nagnabmI irad sopmoK muilaK nad ropsohP nagnudnaK
oibaL umaJ habmiL naD mayA -  .1 .ispirkS   satisrevinu nakanretep satlukaF
h .rassakaM .niddunasa  
 
.R nad S ,irasitnawruP .B   negotaP rumaJ emsinogatnA ijU .9002 .itutsaH
 snatsefni arohthpotyhP  ibmU nad nuaD kusuB tikayneP babeyneP
 nakanuggneM nagneD gnatneK namanaT  amredohcirT pps  .  ,lakoL talosI
amoiB )1( 11  , 42 : - 23 . 
 
nahdamaR  isakifidomreT ugaS itaP isakilpA .9002 .K ,  tnemtaerT erutsioM taeH
natsnI nuhiB nataubmeP kutnu  .ispirkS . olonkeT satlukaF  nainatreP ig
 .nainatreP tutitsnI .rogoB  
 
 .4102 .S .P .N ,inimtaR  kudorP adap )nZ( gneS radaK natakgnineP gnauleP
 .ailaereS namanaT lamitpobuS nahaL lanoisaN ranimeS gnidisorP  .  ialaB
476 .nataleS aretamuS )PTPB( nainatreP igolonkeT naijakgneP - 486   .lah  
 
.I .N ,diaS   naaideyneP malad id nagnaM nad iseB taZ nagnalihgneP edoteM .5002
kitsemoD muniM riA )IAJ( aisenodnI riA lanruJ . 1 ,   :)5( 932 - .052  
 
 .0002 .A ,idapusortsaS  .nainatreP gnadiB sitkarP naabocreP nagnacnaR  .susinaK
.lah 572 .atrakaygoY  
 
S  radnat N  lanoisa I aisenodn  .  .kinagrO hapmaS iraD sopmok isakifisepS 91 - 0307 -
4002 . 
.A.N.G nad ahtrA .N.I ,.D .M.I ,idayteS  .7102 .ayriW .S  nairebmeP satifitkefE
 sopmoK  amredohcirT  iabaC namanaT nahubmutreP padahreT .pS
(  munnA mucispaC ).L   E- akiporT igolonketokeorgA lanruJ 03 :)1( 6  , - 13 . 
 
 nad llinK .J.C ,keramzcaK .A ,nanhsirkalapoG .M.S ,ydenneK .F.J ,.S.R ,lahgniS
 .8002 .ramkA .F.P  fo noitazilitu dna ,gnissecorp ,noitcudorp lairtsudnI
mlap ogas - stcudorp devired  .  ,myloP rdyhobraC 1 :27 - .02  
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 .3102 .inajnaS .A nad irahkuB ,.inruzmahC .T ,.R ,itawirS   sneriv amredohcirT
 doP aocoC resopmocedoiB sA hecA nI noitatnalP aocoC morF detalosI
uH  .ks larutaN lanruJ )1( 31 , 6 : -  .41  
 
 nagnabmatreP nahaL adap lositlU hanaT narubuseK takgniT .9002 .onoyraduS
 .rumiT natnamilaK ,attagnaS arabutaB nagnukgniL igolonkeT lanruJ  01 ,
733 :)3( - .643  
 
 nad kitoiborP huragneP .4102 .nairdA nad .S ,ysehuS  amredrohcirT   padahreT
 .gnibmaK nad ipaS seseF irad lasareB gnay gnadnaK kupuP araH  lanruJ
umlI haimlI -  ,nakanreteP umlI 71  54 :)2( - .34  
 
 .5002 .itaivE nad otrapuS ,namealuS  aimiK sisilanA :sinkeT kujnuteP  hanaT
namanaT  kupuP nad riA . naitleneP ialaB  .rogoB hanaT  .lah 631  
 
.H ,itawoytsiluS  1102  .  laivulA muideM adap ugaS sapmA isakoB nairebmeP
 .ragaP karaJ natibibmeP kutnu  lanruJ akiporT nahaL nad nanubekreP
 ,LDSP & nanubekreP igolonkeT  1 8 : - .21  
 
 .1102 .H ,okoyreoS agnad sopmok iskudorpmem ratnip taiK  nataub iarugnep n
.iridnes  ek isidE - atrakaygoY ,rehsilbuP yliL .1 .lah 501 .  
 
 .3102 .niddufiraS nad ,idairpuS ,.D ,sunapetS  araH sutatS naatemeP nad ievruS
  .ajaR uyabatuH taykaR tiwaS apaleK nanubekreP noroB nad agabmeT
 satisrevinU igolonketorgA lanruJ  aratU aretamuS 46 :)1(2 , - .17  
 
 .5002 .yrneM ,Y nad G ,onoyirahuS rusnU kitsiretkaraK sisilanA -  malad rusnu
 FRX nakanuggneM nagned isakoL iagabreB id hanaT  . IPP gnidisorP  .
 691 :5002 ,iluJ 21 ,atrakajgoJ .ujaM igolonkeT gnabtilsuP -  .602  
 
 ,onoyhawuS .U  .1102   kujnuteP  araces kinagrO kupuP naanuggneP sitkarP
neisifE nad fitkefE ayadawS rabeneP .  , lah 021 .atrakaJ . 
 .0102 .M ,rikayS  padahreT ugaS habmiL nad nasopmogneP utkaW huragneP
ningiL nad talonef masA ,araH nagnudnaK  . ispirkS  .  nainatreP tutitsnI
.rogoB  
kituT  rumaj ataafnameP .6102 .otnayuS .A nad A.I.P , ps amredohcirT   nad
 .idap imarej nasopmognep adap resopmoked iagabes ps sulligrepsA  lanruJ
 sniasorgA 31  )2( 1 : - .9  
 isatnemreF namaremeP amaL nad sarA naadebreP naijaK .9002 .nolobeopmaT
apmA s  nagned ugaS igrepsA regin sull   rasaK nietorP nagnudnaK padahreT
 .rasaK tareS nad nakanreteP natikgnabeK lanoisaN ranimeS  . 532 - 342  lah  .  
.Y ,itnaY  araH rusnU nagnudnaK nautneneP .3102 .adlifeR nad ,itawardnI ,.A
  orkiM   hapmaS irad taubiD gnay sopmoK malad id )bP nad ,uC ,nZ(
 ( tamoT namanaT adap aynisakilpA nad nagnarakreP namanaT  munaloS
  mucisrepocyl  .)lliM dnanU aimiK lanruJ 2 ,  43 :)1( - .04  
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.A ,iluY .T ,otineB .K.A ,.H  riaC kupuP satilauK .1102 .nillE .H nad ,siluE .M
 nakanuggneM gnotoP ipaS seseF nahalogneP lisaH ecymorahccaS  s
eaecaiverec  . kanreT umlI lanruJ  , 401:)2( 11 - .701  
 
 .0102 .H ,otnairpiluY aynnaalolegneP igetartS nad hanaT igoloiB . eK isidE -  .1
.lah 852 .atrakaygoY ,umlI aharG  
 
 .2102 .abmeludaP .A nad amiraksI .F ,.M ,itawinuY  sesorP isidnoK isamitpO
 sopmoK nataubmeP  isatnemreF arac nagned kinagrO hapmaS irad
 .4mE nakanuggneM igolonkeT lanruJ )2( 5 , 271 : – .181  
 
 .6002 .D ,onowuY riac kinagro kupuP .lah 57 atrakaJ .ayadawS rabeneP .  
 
 .5002 .S ,osraniW hanaT satilauK nad nataheseK rasaD ;hanaT narubuseK  avaG .
  .aideM .lah 962 .atrakaygoY  
 
dna gnaY .M ,.iL .Y ,.F ,gnahZ   .1102 .iL .W  serunaM laminA ni eudiseR reppoC
 .anihC tsaehtroN ni ksiR noitulloPlaitnetoP eht dna locE .ruoseR .J  :)1(2 . 19 -
69  
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1 naripmaL  .  tuoyaL  naabocreP tinU nakkateleP  pakgneL kacA nagnacnaR  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 : nagnareteK       naukalreP = 4P ,3P ,2P ,1P  ,0P  
  
 :  1P amredohcirT  munaizraH    nagnalU = 4U ,3U ,2U ,1U ,0U  
 
 : 2P amredohcirT  sneriV  
 
 : 3P amredohcirT  eadiriV  
 
 : 4P amredohcirT   mutamaH  
 
 
 
 
4U0P  1U1P  1U2P  1U3P  1U4P  
3U2P  
3U4P  
3U1P  
4U4P  2U0P  2U1P  3U3P  
2U2P  4U1P  2U3P  3U0P  
4U2P  4U3P  2U4P  1U0P  
 63  
 
2 naripmaL  .  nasakgniR ugaS sapmA habmiL sopmoK  magaR kidiS  
retemaraP  
F- gnutiH  
% KK  
ugaS sapmA habmiL sopmoK  
uC  35,1  ,9 29  
eF  66,0  ,21 0 
nM  16,0  ,8 22  
nZ  07,0  ,51 4 
Hp  19,0  ,4 32  
: nagnareteK  ( atayn adebreb kadiT t )n  
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3 naripmaL sisilanA .   Hp  nagnudnaK  magaR  kidiS sopmoK   sapma habmil
ugas . 
naukalreP  
nagnalU  
halmuJ  ataR - ataR  
1 2 3 4 
0P  ,7 64  ,7 92  ,7 13  ,7 45  ,92 6 7,4 
1P  ,7 78  ,7 62  ,8 20  ,7 71  ,03 23  7, 85  
2P  ,7 43  7,6 ,7 51  ,7 71  ,92 62  7, 513  
3P  8 0,  38.6  7,7 7,7 ,03 32  ,7 5755  
4P  ,7 28  ,7 85  ,7 27  ,7 76  ,03 97  ,7 5796  
latoT  83 , 94  ,63 65  73 ,9 ,73 52  ,051 2 ,7 15  
 
 rebmuS
amagareK
n 
)ks(  
ajarD
 t
sabeB  
J  halmu
 tardauK
)kj(  
K  tardau
T )tk hagne  
gnuih F  
lebat F  
 
5% %1  
P naukalre  4 57963,0  734290,0  
47319,0
5 
65550,3
8 
12398,4  
G tala  51  54715,1  361101,0  
  
 T lato  91  2788,1  623990,0  
  
 nagnareteK  atayn adebreb kadit nakujnunem lisaH :  
KF  (      = )jiY 2 
            t-r 
  = ( 2,051 ) 2   = 40,06522   =    200,8211  
        02                            02  
 
TKJ  )jiY( Σ = 2 – ( = KF ,7 64 )2 ( + ,7 92 )2 + (+… ,7 76 )2  – 200,8211  
  =  2788,1  
 
PKJ  )jiY( Σ = 2 – ( = KF ,92 6)2 ( + ,03 23 )2 + … (+ ,03 97 )2   – 200,8211  
  =  .0 57963  
GKJ   TKJ = 2788,1 = PKJ ‒ – .0 57963   = 54715,1  
 
PTK   =          PKJ                   = ,0 57963 5734290,0  =  
     bd  naukalrep
 
 t → – 4          1  
 
GTK   =         GKJ                   =   1, 54715 =   3361101,0  
     talaG bd  r( t →  )1 ‒           51  
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KK   =
√
 
GTK
X
 = % 001 x   √
0, 3361101
7, 15
   x  % 001 =  4, 871532  
4 naripmaL sisilanA .  uC nagnudnak  magaR kidiS  sopmoK   sapma habmil
ugas . 
naukalreP  
nagnalU  
halmuJ  ataR - ataR  
1 2 3 4 
0P  34 ,5 ,34 8 ,24 3 ,74 0 6,671  51,44  
1P  ,45 5 ,84 0 ,94 3 ,94 3 1,102  572,05  
2P  ,64 8 ,84 8 15 ,0 ,64 8 4,391  53,84  
3P  ,84 5 ,93 5 ,75 5 ,24 3 8,781  59,64  
4P  ,55 0 85 ,5 ,64 0 ,74 8 3,702  528,15  
latoT  3,842  6,832  1,642  2,332  2,669  13,84  
 
 rebmuS
namagareK  
)ks(  
 tajarD
sabeB  
 
J  halmu
 tardauK
)kj(  
K  tardau
T  hagne
( )tk  
gnuih F  
lebat F  
 
5% %1  
P naukalre  4 394.141  52373.53  255935.1  865550.3  12398,4  
G tala  51  546.443  33679.22  
  
 T lato  91  831.684  12685.52  
  
 nagnareteK  :  atayn adebreb kadit nakujnunem lisaH  
KF    = )jiY( 2   =  = ( 2.669 ) 2   =   45339 2  44,  =   221,77664  
       t-r   02    02  
         
TKJ  )jiY( Σ = 2 – KF  )5,34( = 2 )8,34( + 2 + )8,74( +… 2  –  ,77664 221  
 831,684 =  
 
PKJ  )jiY( Σ = 2 – KF  )6,671( = 2 )1,102( + 2 …+  +  )3,702( 2 – ,77664 221  
 = 394,141  
 
GKJ   TKJ = PKJ ‒   831,684 = – 394,141  546,443 =  
 
PTK   =             PKJ       = 394,141   = 52,37353  
     naukalrep bd  t → – 1 4 
  
GTK   =             KJ               G    = 546,443   33,67992 =  
     talaG bd  r( t →  )1 ‒           51  
  
KK   =
√ GTK
X
 = % 001 x   √
67992 , 33
84 , 13
x  % 001  = ,9 490229  
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 naripmaL 5  . sisilanA  eF nagnudnak  magaR kidiS  sopmoK   sapma habmil
ugas . 
naukalreP  
nagnalU  
halmuJ  ataR - ataR  
1 2 3 4 
0P  0,0 79  0,0 819  ,0 3201  ,0 3411  4504,0  53101,0  
1P  ,0 8431  0,0 78  ,0 3101  ,0 8301  9624,0  527601,0  
2P  ,0 5031  ,0 5711  ,0 0011  ,0 5501  5364,0  578511,0  
3P  ,0 5811  0,0 379  ,0 5511  ,0 3901  6044,0  51011,0  
4P  ,0 3601  ,0 8721  ,0 0401  ,0 3101  4934,0  58901,0  
latoT  1785,0  4125,0  1335,0  2435,0  8571,2  97801,0  
 
 rebmuS
namagareK  
)ks(  
 tajarD
sabeB  
 
J  halmu
 tardauK
( )kj  
K  tardau
T  hagne
)tk  
gnuih F  
lebat F  
 
5% %1  
P naukalre  4 154000,0  311000,0  621166,0  865550,3  12398,4  
G tala  51  955200,0  17100,0  
   
T lato  91  10300,0  851000,0  
  
 nagnareteK  atayn adebreb kadit nakujnunem lisaH :  
KF  (      = )jiY 2    = = ( ,2 8571 ) 2   = ,4 46501437   =   3507632,0  
            t-r         02         02            
             
TKJ  )jiY( Σ = 2 – KF   ( = 0,0 79 )2 ( + 0,0 819 )2 + ( +… ,0 3101 )2  – 3507632,0  
 = ,0 10300  
KTP )jiY( Σ = 2 – KF  )4504,0( = 2 )9624,0( + 2 + )4934,0( +… 2 – 3507632,0  
  = 0, 154000  
GKJ   =  TKJ PKJ ‒   = ,0 10300  – ,0 154000   =  ,0 955200  
 
PTK  =               PKJ               = ,0 154000    57211000,0 =           
     naukalrep bd
 
 t → – 1            4 
 
GTK  =             KJ G               =   ,0 955200    =   6071000,0  
     talaG bd  r( t →  )1 ‒            51  
 
KK   =
√ GTK
X
 = % 001 x   √
0, 6071000
0, 97801
   x  % 001  = ,21 70600  
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6 naripmaL sisilanA .  nM nagnudnak  magaR  kidiS  sopmoK   sapma habmil
ugas . 
naukalreP  
nagnalU  
halmuJ  ataR - ataR  
1 2 3 4 
0P  ,0 710  ,0 9710  ,0 4610  ,0 5810  ,0 8960  0,0 5471  
1P  ,0 9910  ,0 4910  ,0 9610  ,0 0810  ,0 2470  5810,0 5 
2P  ,0 5710  ,0 4810  ,0 8710  ,0 2710  ,0 9070  7710,0 52  
3P  ,0 4810  ,0 3610  ,0 9710  ,0 0610  ,0 6860  1710,0 5 
4P  ,0 3810  ,0 8120  0, 5610  ,0 4610  ,0 0370  2810,0 5 
latoT  ,0 1190  ,0 8390  ,0 5580  ,0 1680  ,0 5653  8710,0 52  
 
 rebmuS
namagareK  
)ks(  
 tajarD
sabeB  
J halmu  
)kj( tardauK  
K  tardau
T )tk hagne  
gnuih F  
lebat F  
 
5% %1  
P naukalre  4 52500000,0  13100000,0  198016,0  865550,3  12398,4  
G tala  51  32230000,0  51200000,0  
  
 T lato  91  847300,0  79100000,0  
  
 nagnareteK  atayn adebreb kadit nakujnunem lisaH :  
KF        = jiY( )2   = ( ,0 5653 ) 2   = 0, 52290721   = 553600,0  
            t-r     02       02  
 
TKJ  )jiY( Σ = 2 – KF  ( = ,0 710 )2 ( + ,0 9710 )2 + (+… .0 4610 )2 – 553600,0  
 = ,0 84730000  
 
PKJ  )jiY( Σ = 2 – KF  ,0( = 8960 )2 ,0( + 2470 )2 + … ,0(+ 0370 )2 – 553600,0  
 = ,0 52500000  
 
GKJ   TKJ =  ‒ PKJ  ,0 =  84730000 – ,0 52500000   = ,0 32230000        
 
PTK   =             PKJ                 =  52500000,0  =   5213100000,0  
     naukalrep bd
 
 t → – 1   4 
 
   
GTK  =             GKJ               =  = 32230000,0   76666841200000,0 =    
     talaG bd  r( t →  )1 ‒     51  
 
KK   =
√ GTK
X
 = % 001 x   √
0, 6841200000 7666
0, 528710
  x  % 001  = 941322,8  
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7 naripmaL sisilanA .   nZ nagnudnak  magaR  kidiS sopmoK   sapma habmil
ugas . 
naukalreP  
nagnalU  
halmuJ  
ataR -
ataR  
1 2 3 4 
0P  48  97  38  001  643  ,68 5 
1P  611  401  28 ,5 19  ,393 5 ,89 573  
2P  79  ,39 5 ,69 5 ,19 5 ,873 5 ,49 526  
3P  ,59 5 ,57 5 401  97  453  ,88 5 
4P  16  411  28 ,5 08  ,733 5 ,48 573  
latoT  ,354 5 664  ,844 5 ,144 5 ,9081 5 ,09 574  
 
 
 rebmuS
namagareK  
)ks(  
 tajarD
sabeB  
J  halmu
 tardauK
)kj(  
K  tardau
T )tk hagne  
gnuih F  
lebat F  
 
5% %1  
P naukalre  4 571,645  7345,631  861107,0  865550,3  12398,4  
G tala  51  360,1292  5737,491  
  
 T lato  91  732,7643  2684,281  
  
 nagnareteK  atayn adebreb kadit nakujnunem lisaH :  
 
KF   = )jiY( 2 = 5,9081( ) 2  =   520,924723   = 5,417361  
       t-r          02            02  
 
TKJ  )jiY( Σ = 2 – KF  )48( = 2 )97( + 2 + )08(+… 2 ‒ 5,417361  
 732,7643 =  
 
PKJ  )jiY( Σ = 2 – KF  )643( = 2 )5,393( + 2 + )5,733(+… 2 ‒ 5,417361  
 = 571,645  
 
GKJ   TKJ = PKJ ‒   732,7643 = – 571,645  360,1292 =  
 
PTK  =            PKJ                  = 571,645   34,631 = 57  
    naukalrep bd  
 
 t → – 1 4 
 
GTK   =            GKJ                 =   260,1292   64737,491 =  
     talaG bd  r( t →  )1 ‒  51  
 
KK   =
√ GTK
X
 = % 001 x   √
1, 49 , 64737
09 , 574
   x  % 001 = ,51 79324  
 
 nanegomohgneP  
ADP aidem  
nagnauneP  ADP aidem  
irtep nawacek  
 rumaj namananeP
amredohcirT   aidem adap
ADP  
rumaj talosI  
amredohcirT   halet gnay
nakajamerid  
 
natural nanegomohgneP  
harem alug  
 sareb aidem naliretsneP  
otserf nakanuggnem  
 
 
sareb aidem nanignidneP  
ranimal maladid  
 rumaj namananeP
amredohcirT  
sareb aidem adap  
 
 rumaj isabuknI  
amredohcirT  
ADP aidem adap  
 rumaj isabuknI amredohcirT  
 7 haletes ADP aidem adap
irah  
 
sapma narumejneP  
 ugas  
 nalibmagnep isakoL  
habmil  ugaS  
 ugas sapma  
 
 sopmok nataubmeP  
habmil  
ugas sapma  
 isabukni tapmeT  
sopmok  
 
habmil sopmok isabuknI   sapmA
ugaS  
 
 
rumaj nahabmaneP  
amredohcirT   seiseps iauses
naukalrep paites adap  
 
hadus gnay sopmoK  
gnatam  
 rukugnem kutnu retem Hp  
sopmok Hp  
 
